Objective-The origin of innocent systolic murmurs is uncertain. This study was designed to evaluate the relative contribution in the same subjects of the main factors implicated in the genesis of vibratory innocent systolic murmursthat is, the presence of left ventricular bands and increased left ventricular flow indices-and to examine evidence for turbulence in relation to these findings.
Objective-The origin of innocent systolic murmurs is uncertain. This study was designed to evaluate the relative contribution in the same subjects of the main factors implicated in the genesis of vibratory innocent systolic murmursthat is, the presence of left ventricular bands and increased left ventricular flow indices-and to examine evidence for turbulence in relation to these findings.
Patients-40 children with innocent systolic murmurs and 40 paired controls without murmurs were matched for age and body surface area.
Design-These subjects were examined prospectively by cross sectional echocardiography with pulsed and continuous wave Doppler and colour flow mapping.
Setting-A tertiary referral centre for paediatric cardiology.
Results-Left ventricular bands were significantly more prevalent in patients with innocent murmurs (70%) than in controls (48%) but only if apical bands were included (p = 0-039). Cases had significantly higher aortic peak flow velocities (p < 0-001), flow integrals (p = 0001), and stroke volumes (p = 0-014), and significantly lower heart rates (p = 0 033) than controls. There were no significant differences between cases and controls in mean aortic diameter, cardiac output, or ejection fraction. There was no evidence of turbulence in the left ventricle or outflow tract in any individual but curvilinear periodic vibrations and audible "whoops" were detected in the left ventricle by pulsed wave Doppler echocardiography. These were significantly more common in cases than controls (p < 0-01) but were not related to the presence of bands.
Conclusions-Innocent systolic murmurs were unrelated to aortic size but they were strongly associated with higher aortic flow volume and velocity, with relative bradycardia, and with evidence of vibratory phenomena in the left ventricle. The role of left ventricular bands remains uncertain.
Innocent systolic murmurs are audible in up to 70% of school-children.' They are characterised by their musical sound and, as their name suggests, are benign and cause no symptoms. They usually disappear during adolescence. The origin of a musical systolic murmur is still a matter for debate: some studies suggest that it is caused by the vibration of intracardiac structures such as valves in hearts with structural abnormalities2"; others suggest that vibrations of left ventricular bands or turbulent flow about these structures cause the innocent systolic murmur.5 6 Left ventricular flow characteristics have also been investigated as a possible cause of the murmur. Schwarz et al reported that the peak velocities in the ascending and descending aorta were significantly greater in children with innocent murmurs and ascribed this to a narrower aortic diameter in this group compared with children without murmurs.7 These findings were confirmed by Sholler and colleagues8 but not by Van Oort et al who found no difference in the peak velocity, acceleration, or spectral width of the aortic flow signal between children with innocent murmurs and children without.9 There is currently no consensus on the origin of the musical murmur in structurally normal hearts.
This study was designed to determine the prevalence of bands, the presence of turbulence about the bands and in the left ventricular outflow tract, and left ventricular flow characteristics and systolic function in children with innocent murmurs and without.
Patients and methods
We studied 40 aortic root between the cases and controls nor in the rate of acceleration of flow through the valve. The ejection fraction did not differ in the two groups of children; but the mean peak flow, flow integral, and stroke volume were significantly greater in the cases than the controls. However, the cardiac output of the cases was similar to that of the controls, mainly owing to the significantly lower heart rate in the cases.
RIGHT VENTRICULAR FLOW CHARACTERISTICS
There was no significant difference in the mean pulmonary peak flow or flow integrals between the cases and the controls.
Discussion
Van Oort et al stated that innocent murmurs could not commonly be produced by left ventricular bands because bands were much less prevalent (0-8% paediatric patients) than innocent murmurs.9 However, the reported prevalence of left ventricular bands varied widely and often depended on whether the study was prospective or retrospective because offaxis views were often essential to detect their presence. 017 18 The prevalence of bands in this study (70% cases and 48% controls) was less than that reported in Darazs et al's prospective study (92% and 64% respectively), but they found a prevalence of only 22% in their first retrospective report.6 Keren bulent flow. In our study these periodic vibrations and the audible systolic "whoops" were not confined to sites about the band, however, but could be clearly shown along the left ventricular walls. Although the relation of bands to murmurs was tenuous (see above), "whoops" were significantly more common in children with murmurs than in those without, suggesting that these appearances may be produced by vibration of the trabeculae lining the ventricular walls.
While the pulmonary peak flow and flow integrals did not differ significantly between cases and controls, the mean aortic peak flow, flow integral, and stroke volume were significantly greater in children with murmurs than in those without. These results support the observations of Schwarz et al that higher flow indices from the left side of the heart are seen in children with murmurs: but we could not confirm their finding that this is owing to the children with murmurs having smaller aortic diameters.7 It is unlikely that measurement of the aortic diameter at different levels (in the ascending aorta in their study and at the aortic valve in ours) accounted for this disparity. In contrast to the closely matched pairs of cases and controls in our study, the two groups in Schwarz et al's series were very different in terms of age and body surface area, though the difference in aortic diameter remained significant when corrected for body surface area.
Our study showed no difference in acceleration through the aortic valve between the cases and controls, nor did it seem that increased force of contraction was responsible for the murmur because the ejection fractions were similar in both groups. However, children with systolic murmurs had significantly lower heart rates than those without murmurs. Nearly all patients with very slow heart rates due to junctional bradycardia or complete heart block have a systolic murmur. It is possible that the prolonged diastolic filling of the left ventricle associated with a slower heart rate in the face of an unchanged ejection fraction and cardiac output, results in a higher stroke volume and aortic flow velocity and augments the intensity of the murmur. This explanation accords with the frequently observed finding that the innocent murmur becomes louder in the supine position-that is, when the heart rate naturally slows.
This study shows that there is a relation between vibratory phenomena within the left ventricle and the Still's vibratory murmur but the exact mechanism for its production requires further investigation and other factors may be implicated. The murmur seems to be augmented by increased flow volume and velocity and relative bradycardia; the role of left ventricular bands remains uncertain.
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